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ABSTRACT

i
; This proposal, preparcd by _h_ Advanced Power Systems Division

, _ of Electro-Optical Systems, is for the extension of work in£tiaced

._ J under Contract NAS 7-10. The proposed extension includes work in

4 three areas related to the development of lightweight solar concen-!

trators.

Backing _tructure studies

11 i Advanced studies of nickel, copper and chromium
g

_,!'_ eleetroforming , w

i " Advance coating studies

4
.4

%

,&

%

,I
61-824 Rev, A i

|

1965070801-003



TABLE OF CONTENTS

ABSTRACT i

I. INTRODUCTION ]

2o PROPOSED PROGRAM 6

2.1 Backing Structure Studies 6

2.2 Advanced Studies of Nickel, Copper, and

Chromium Pla tlng 9

2.3 Advanced Coating Studies 12 '_

3. STATE_ OF WORK- 19 '
i_.

4. PROGRAM SCHEDOLE 23 1

5. PROJECT ORGANIZATION 24

'ix,
L_

r_

t2 _,

61-824 lev. A IZ

,j

I -_ _ .......... .... _ _m mdnnmmnm_ m NimWN Nmmamn,l_dm_uml,lammmmnnua_ nU mmm nukia-mml_nh_ immmubmmnmm_m ___ _ u%_ul_nmmm

1965070801-004



This document presents a proposed extention to the research and

development work accomplished under Contract NAS i-IO. The ultimate

goal o[ this type of work i_ the following:

The development of large, lightweight solar energy concen-

trators having performance characteristics suitable for

I effective utilization with high temperature pot:_r generatorssuch as therm_oni-; corverters.

These collectors shall have durable, highly reflective

I surface coatl_gs, adequate scructura_ rigidity to with-stand all expected environmental conditions_ and an

advanced structural concept optimized for minimum w-:ight

i!I consistent with the above mentioned considerations aswell as handling and packaging requirements.

Work accomplished under the present contract has made significant

i_• advances toward this goal. This document, presents a proposed
extension to this work which wll_ bring the developmenta I status of

[ solar concentrators even closer to this desired goal.
!

In as much as no program can be all inclusive, it is to be

_::_: understood tbat the above goal for optimized solar concentrators lieswithin _he following framework:

_| a, The basic technique for concentrator fabrication is

_| the electroforming process.

b. The program will consider only materials which are

easily platable from aqueous solutions and which have

adequate structural characteristics for concentrator _4

ap_licatlon. These materials _re primarily nickel

and copper.

On the basis of its eg[mrience to date, aa well as information

..... available from the lltera_ure, Electro-Optical Systems feels that

-.' the electrof_rming process using either nickel or copper offers _he

_J,_
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best possibility toward the achievement of the above goal. Although

other processes or materials may be potentially superior, their

successful utilization would depend upon extensive further research

and development work.

The general goal will be achieved through the satisfaction of

the following specific objectives:

a. Determination of besE diameters for solid (non-

.segmented) mirrors on the basis of mission power

requLrements, conrverter efficiencle_ launch

vehicle envelope, payload packaging considerations,

ground handling considerations," and mirror

_tructural integrity.

' b. Determination of the best approach when power

requirements are greater than tha_ which can be

satisfied by a single solid mirror. Possibilities

include multiple solid mirrors, ground-assembled

segmented mirrors, and segmented mirrors automati'-

cally unfurlable in space.

c. Development of the optimum _ype of mircor :igidizing _"

=tructure consistent with the requirements of Items

a and b. _

d. Specification of all plating %d fabrication

parameters for both nickel an4 copper in order to

assure reproducible d_posits of the highest possible

quality and with ope.irm,m physical properties.

e. Development of highly reflective mirror coatings _

which will be sufficiently durable to withsta,_d all

ground handling operations as well as long term '_

service "n space. ,':_

61-824 B.ev. A 2
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I.i Present Status

_ At the conclusion of the present phase of Contract NAS 7-10,

the following accomplishments will have been made:

i a. Plating procedures uo assure high-quality,

_ high-yield plating of nickel mirror skins

I and structural components.

_'! t b. Preliminacy specification of coppec plati,g

I,_: procedures.

_i_:' I c. Development of detailed design and fabrication

i _ techniques for front torus supported mirrors._

_!_ d. Preliminary results on advanced mirror

_J' coatings.
e. Preliminary results on advanced concentrator

_ 1 structural techniques._. Demonstzation_ on a small scale (24" diem),

| of _echniques suitable for fabrication of
._ | large masters.

| i-_ Expected Status at Conclusim. of Next Phase
|

_. At the end of the proposed extension to Contract NAS 7-10

| the following technical status is expected:| a. Plating procedures for assuring high-quality J

• hlgh-yield deposits of both nickel and copper
I will be completely specified.

b. At least one superior mirror structural

I technique, allowing nearly compiete diameter
utilization, will be demonstrated, and its

I structural Integrlty will be verified by
environment testing.

c. Advanced mirror coatings, adequate for ground- handling and cleaning, and sufficiently

durable to wlLhstand extended space missions_

I 'will be developed,

61-824 Rev. A ""3

1965070801-007



Technical r_sults obtained on the proposed extension should be

sufficient to allow a development program for larger mirrors to be

undertaken with a high degree of confidence, It is expected _hat a

decision will be forthcoming during the extension program regarding

the best type and size of larger mirrors. This decision will be

based on technical results from this program as well as information

from JPL concerning mission and power requirements.

1.3 Remalnlt,g Work _o Satlsfy Overall Goal

In addltlon to the wor_ to be accomplished in the present

phase and the proposed e-_tension of Contract NAS 7-L6_ the following

additional ta6ks remai_ _o b: accomplished in order to achieve the

general goal described _n Sec. I:

a. A suitable full-scale master must be fabricated

and demonstrated

b. Fullosca]e mirrors must be fabricated from this

roaster, They must incorporate the optimum

plating conditions_ type ot structure_ and
%

coatings develot_d earlier in the program. _

The mirxors mu_t be thoroughly proof ch,_cked t' r

both optically and structurally. \

In addition it may be necessary to build facilities for performing f

necessary operations such as application of vacuum deposited mirror

coatings.

1.4 yro_am Su_._

The first task is the study of improved backing structures _

for electroformed mirrors. The rim torus support alread/ demonstrated

has |_roved auitable for mirrors up to five feet in diameter. However;

size increases a_.d weight reduction will necessitate _ore sophisticated

structural approaches. _ '_

Improvement. of the available techniques for electroplatlng '?

copper, nickel and chromium occupy the second phase of the program. _

61-824 Rev. A 4 .._'
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Copper in particular requires further development, It is known that

a very high quality, hard_ durable fo._n of co_"' r can be obtained by

electrodeposltion. Reliable bath controls f -'uring such a deposit

are _ot yet available. Criteria for _sc_rta,. ,Lg the proper plating

parameters and bath composition are urgently needed to make copp_._"

eiectroformed m,rrors practical.

The develolrnent of durable, highly reflective mirror

surface coatings suitable for electrofo'med concentrators is_ the

I final objective of the pz'opos_d program. Many different approaches

[ toward achievement of suitable coatings have been suggested. The

more promising will be evaluated on a small scale basis. The better

, ' coatizEgs will then be applied to larger mid'rots and evaluated i_

._ regard to reflectivity_ adheren=e to s_bstrate_ _esistance to

I scratching and chemical attac_, and resistance to space enviro_ental

conditions.

The proposal will be concluded with a statement of work_
program schedule and program organization.

I :

i f
i
I
I
I
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2. £ROPOSED PROGRAM

2.l b ':king Structure Studies

Previous efforts on the NAS 7-I0 cot,tract have yielded a

wealth of information on concentratcr support structures. T¢ date

two types of support structures have received the major attention:

a. Rim mounted torus - this support _-onslsts of

a thin-wall electroformed torus mounted on the

outside of the concentrator and _ntegral]y

attached to the concentrator skin d_,rlng ,_he .

sb'in forming process.

b. Mo..tocoque support - this consists of a thin "

shell with _ somewhat greater radius of

curvature tha,_ the reflector skin attached to

the reflector skin at the periphery.

Based on prev_.-_,sexperience, EOS is quite positive of

the possibility of improving both these 3upport structure techniques,

ag well as the necessity for comparative evaluations by the several

important criteria governing concentrator structures, to de" ermine
I

the optimum gpplication of each of these techniques. Other support

structure configurations, as outlined below, should also be investi-

gated to determine their relative merits for future space ap;llcations.

The following _ubsectlons outl_ne the program to b_- pursuec in extend-

inM the state of the art in this area of solar con_entrsto, techTiology.

2.1.1 hvaluations of Thin Shell Structures *_i

An ev£1uation of the o_Imum techniques £or support-

ing thin shell structures wi_ll be continued. At ].east the following

types of sup_o_t_ will be conaldere4:

a. Torus

61-824 Rev. A 6 ,,_
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b. Solid monocoque

c. Monocooue with lightenlng holes

d. Radial st_ffenlng membeLs

e. Various combinations of the above.

In evaluating the structural techniques at least

the following parameter variations will be considered: _-

_-- a_ Variations I:, skin and support

_ structure thickness

._ b. Locatlo_ of support str_cture

= attachment to reflector skin

c, l._c<ti_n of external reflector

supports on s£ru_ctural members
=-'- i

:" ... d. Modull of supports :.._.

_ e. Resonant frequencies -"

:__ f. Metho4B of backing attachment.

_- _Xs evaluation viii provide a portion of the technical basis for

_: determining the Optin_m sizing for larger concentrators, it will be

based, largely, en t.he experimental studies described below.
?-_ J_

__, 2.1.2 Small Scale E.x_erimental Studies of Support

Structures

_' The evab_atlou of advanced structural concepts ;

_" wlll begl_ with small sc_a!e studies of various types of structures.

"_'" At le_t fl_e ?.__rabollc reflectors approxtzsstely i7 inches in

"_ diameter will be fabricate_ _o demonstrate techniques,
S-

_:_ = The following critical areas s, lll be studied to

-".... determine the optimum combirmtlon of parameters for concentrator 4
i. _.
,_,_ backings: _

_,'_,.,_ a. Backing e,t|_er: : _:

_: (_) Fabrication '_ ":

_:: (il) l_thod_ o£ m_sCer re_oval ._

_" : after piecing •

_:-"- 61-824 lev. A 7 _-_ ' ':2:__.
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b. Methods of suppc=t struoture

attachment:

(i) Surface activation and

atrachmenc by eieccrofu_mi,g

(il) Wire encapsulation technique -_

c. Structural characteristics of various

structural concepts with emphasis on

physical testing to determine stlffneas.

_. Effects of intention_lly using tensile

or compressive plating stresses in

structures.

The reflectors made in this p.hase of the program will be made *

available to the coating study (see Sac. 2,3) as required.

2.1.3 Fabrication of Five Foot Diameter Reflectors ,J _"

"._ least two 5-foot diameter reflectors will be

• fabricated utilizing the two most promising support structure

techniques, aa determined from 2.1.2 above. The purpose of this
Z

fabrication will be to p_vlde a basis for scallr. _ laws as well as

to-gain the requisite experience in expanding these techniques to :_

larger structures. These two reflectors _III be subjected to environ- -_

mental testing at the Jet Propulsion Laboratory. EOS personnel will

be responsible for organizing the_tesr_ from • technical standpoint, \_

and will assist substantially in performing the test work. Tt is :_
_r

understood that J']PL will make avail_ble the necessary _estlng machines =_

and mounting flxtures. The reflectors will be optically evaluated both

before and after environmental testin_ to determine their capability of _

wichstandlng the launch envlronmeat. This will yleld the requisite ,,i_]'_

information on comparative performance of the backing sl:ructure in " _"_.

larger sizes as well as determine the resonant frequeu¢ta_ at this

2 diameter. These t_o reflectors will also be made available to-the

coating _udy (see S_c. 2.3).

Xn addition, a_ leas_ t_ more S-foot _lameter ,
-%

mlrrors will be fabridated a_d. destructively test__ by mechanical _,_

61-82.4 Rav. A 8 , ._
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!

I loading, shock, or vibration to determine ultimate stren_tn capa-

b_lities. FoLlowing these testa the mirrors will be sece.loned to

_i" determine thickness uniformity, and selected pieces may be given
Iw

physical properties tests.

-I_ In order to _ke possible the fahrlc_.tionof
I

• advanced structures, as well as to improve the general quality of

plating, _ertain specialized tools and fixtures will be constructed,

including:

a. A device to allow continuous rotation

:J of the entire mirror aM_.emblyduring

plating.

_I b. Handling fixtures to improve the ease
_: and safety of handling and working on

the mirror after parting.
z. Contoured,or otberwl__e specially shaped,

a_odes and masks,d. Special _mndrele or nuss_er extensions

_ for maxlmlzlng the useful area o_ _he

mirror.

.i_" 2.2 Advanced Studies_....of NickelI.,Copper_and Chromium Plating

Previous _rogram efforts by Eleetro-Opt_cal Systems in the

-; electroforming of nickel and copper have resulted in the production

., of replicas of _blgher optical quality, lower sire'aslevel, and lower

weight than had been possible _ith _he prevLoua e.lectroforming state

i _ the art. Although ths capabilities of nickel plating have been
,_ brought _e a highly advanced status, there I_ still some area for ,

i_provemen¢ as outlined below. Ezlstlng _xperience w/k_h Copper is

_ eomewhat more li_ite_d. The previous efforts in ni_ke!, however,

_=_ point out very cleJrly the specific goals and oh jet.rives of a ;:

,J successful e!ectroforming research progrem and will allow the a_id_nee

'_ of many __f the pitfalls _ncountered during _he nickel electroformiu_

"" _evalopment_ The chromium "pla_ing _ff_rt_ at Electro-Optical Systeuuz "

61-8_J_ Ray. A 9 ,_J
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have been much more modest. Ho_ver, it appears ccsirable to perform

additional research tnte its plating propertie_ for th_ nurp_.___euf

pr .i@_ng a protective ove-'coatlng for _leztroformed nickel or

....... -r_ ;. &t4:Lt. _L_

brittleness of ,:hromlur_,are such t_nat extre_ dlffi_uities mlg_t be

encoautered in attempting to form _n entire part directly from

chromium. The program and progxam objectives for these advanced

studies are outlined below.

2.2.1 Program Ob_ectlves

The objectives of tl-ls phase of the program will _

include, but not be limited to,-the following:

a. Improvement of the physical properties : '

of lightweight electroformed shell _.

structures of nickel and copper.
']

Important physical properties include

hardness, tensile strength, modulus of "_

elasticity, and un_.formlty of thickness,

and back surface finish. A specific 'i

_- objective of this work is to increase ._

the knowledge of copper plating tech-

niques and controls to a l_4el approaching _,_

tha_ of nickel.

b. Stress reduction and cJntro! and moni- @

coring of stress levels during plating _.

" for n_ckei' and copper. -_

t)evelopment of t_chnlques for _onitorlng ,_
=.-

pletlng solution additive concentratlon :i_

during plating and development of tech-

nique for continually r_plenlehlng _ i_ '
solution additives during 91tting

, (p_rti_nlar-e_phasis on.copper). _

: 61-$24 _av. A 10 , _ __
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l

d. Investigation of chromium protective

overcoatinga for nickel oc copper

mirrors.

2.2.2 Program %

_.-. The program will consist of several interrelated

and over|applng elements to yield the objective outlined above.

Specifically the program elements will include:

_. a. Small scale sample plating and stress

test_ - these will be carried out in

somewhat the same manner as in prevlou_

? c programs. However, techniques utilizing
-j

-: ccntlnuously monitored strain gauges

_>_ mounted in solution ,_ill allow determl-

n_,tlon of stress during the actual

Flaring operation and its control during

_ _lating. Samples to be fabrlcaced will

include small thin strips, small {6 inch)"f,

i diameter mirrors and medium .(17 inch)

diameter reflectors.

_,. b. Testing of physical propertles o_f plated

> sa___.mples- _hese physlcal properties will

_ include those outlined in 2.2.1 above.

Special _estlng de,ices will be constructed
<

:- where required in order to meesure physical
;%- .

_t properties of interest. Where possible.,

-_ samples will be taken from actual concen-

.... trator structures which have b_n

' environmentally tested.

_ c. Fahrlcatlon cf structural £arts - specific

> structural parts Includla_ typlcal support i','_

_-: structures, mirror skins, etc.,_ uill be

fabricated to galn experience which is more

._:_ 61-824 Rev. A 11 _..
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-, ~-

directly applicable to the fabrication

of useful hardware.

d. Fabzicacion of 5-foot diameter reflectors

one 5-foot diameter mirror will be formed

from copper using a technique which repre- _i
sents the most advanced state of development

achieved under this program. The mirror will * •
•

be both optically and environmentally tested. -: :
- !

At least one additl_na! 5-foot;copper mirror, i

or major segment thereof will be built and i

destructively tested.
}-

2.3 Advanced Coatin 8 Studies .,_

The practicality and utility of solar concentrators for
•

space _pplicationa depend to a large extent on the ability to provide _
2

and maintaln durable, highly reflective surface coeclngs. The methods

which have been developed In the optical industry for coating glass '

optical elements are not always suitable for metallic reflectors " ,;

because of the following consideratiuns:

a. Presence of surface oxide layers on metal

mirrors .
¥

b. Different adhesion characteristics as

compared with glass ,_

c. Presence of sensitizing layers on electro- .i_

formed mirrors d

d. Diffusion of metal subatrate materials _.. ;

through reflective coatings. , -,

The objective of thi_ portion of the proposed program Is to develop

,- satisfactory methods for coating large solar concentrators with . *'_

durable, highly reflective surface layers, _e following types of

c_atings and materials are of interest on this program In connection

61-824 Rev. A 12 _,
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wlth the electroformed concentrators:

a Part_-o T. ..... Te allow removal of plated

mirror from master (sil"_r, gold, copper,

silicones)

b. Sens_tlzing Layer - For use with non-
r

' conductive masters (aluminum, chromium,

8liver, gold copper)

I c. Adhesion Layer - To firmly bond coating to

substrate (silicon monoxide, chromium,

copper, nickel)

d. Antidiffusion Layer - To prevent sub,irate

_ material from diffusing through reflective
layer (silicon monoxide)

{I| e. Reflectlve _ - Whlch may be a multilayer
interference type (aluminum, silicon monoxide,

_:I chromium, silver, aluminum oxide, titaniumdioxide)

_' f. Protective Layer - To prevent abrasion and

_I chemical attack of reflective layer (sllicon

monoxide, aluminum oxide, titanium dioxide).

i|I These of cannot be _reated since
type_ coatings independently one

' • physical layer may serve the function of two or more types of coatings

_ (e.g., chemical _ilver may serve as both the sensitizing and parting
._ layers). Furthermore, the functions of these layers are so inter-

! dependent that it wou]d not be wise co consider tham separately. The
P

_ - objectives of the advanced coatlng studies will be achieved by a

,) :seven-part program. The first four parts will deal prlnmrily wlth

_ small flat surface samples. Farts five and six will Involve the

_. demonstration of selected coatings on actual mirrors (which will be _.

I made available from other phases of the pr-posed program). The la&t

_ portlon of the program will present conslderatlo_s _nvolved in the

"_[ selection of facilities to coat large concentrators.

,_ 61-824 Rev. A 13
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2.3.1 Problems Related to Substrate and Master L

Characteristics

Electroformlng can only be accomplisht_ using a

m_L_L" "'_-_"_" is e_.... _11 .... A....4-_._. TI.,4=_-<_,,._r_e _h_l- _},_

master either be metal or that It be coated with a thin layer of

metal to make it conductive. MoSt of the Current aL_d nea: future

work in electro formed concentrators will involve glass or plastic

masters. The conventional method of sensitizing these masters is by

a chemically deposited layer of silver. This layer adheres to the

electroformed shell upon parting. This technique has disadvantages.

The softness of the silver layer is an obstacle to the application

of a highly adherent overcoating. If left tmprotected, the silver

rapidly corrodes. The silver cannot be conveniently removed, because

its back surface (that which is adj."cent to the nickel) is not

sufficiently reflective. Sever_l posslhle methods of overcoming

these disadvantages _.iiIIbe investigated on the proposed program, i

• including:

a. Development of durable reflective :.

coatings for chemically deposited _

sil¢er :.

b. Development of _,acuum deposited

parting sensitizing layers for _.

electroformed mirrors, which can be

from the mirrors afterstripped
• \

par tins

c. Development of metallic sensitizing ._,

layers uhich adhere to the master _
£

d, Development of a highly reflective ..,_

chemical silver layer wl_ieh can be ._

str'_pped. _!!

61-82_ Rev. A 14
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These items will be investigated using small-scale surface samples.

In connection with these items, the following additional considerations

I will be evaluated: ;"

.a. Effect of substrate material (plastic,

glass, metal, etc.) on the choice of
parting sensitizing layer

b. Pre-sensitization of surface of n-:.._- ',

i

conductive master prior to application

of metallic sensitizing layer

c. Measurement of coating adherence.

In Sec. 2.3.4, another method will be presented for alleviating the

iI problems associated with the use of chemlcal silver: the predeposition

i

of coatings on the master prior to electroforming.

iI 2.3.2 Surface Coatings for Higher Ref!ec__._jfty

Pure metals such as aluminum and 611ver provide

I fairly high reflectivity throughout the useful solar spectrum.
g

However, even higher reflectivlties may be obtainable by using mixtures

,I of metals or by interference techniques. This portion of the program

will have as its ob_ectlve the specificatien of surface coatings for

_i highest average reflectivlty for solar energy, consistent with the

I requirements for good adhesion and resistance to abrasion, chemical

attack, anti space environmental degradation. F,_rtunately, some of

I_ the. most promising interference-type coatings provide their own

protective surface layers (see Sec. 2.3.3). At least the following

!I coatlngs will be consldered:

a. Vacuum dep,:_Ited silver

_ b. Vacuum aluminum
deposited

c. InterferenCe coatings made up of

i_ alumln_m and silicon monoxide
| d. l_terference coatings 'made up of

w

aluminum, aluminum oxide, and

i3

'I 61-824 Rev. A l_r
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titanium dioxide (the latter two

coatings ielng obtained by anodizing).

The reflectivlties of these and any other coatings which appear

promising _IilI be measured.

2.3.3 Coati,l_ Durabi______lLty Considerations

Coatings must h_ve adequate adherence tdthe

substrate material and they must withstand such degrading influences

as ground handling, cleaning, attack from corrosi, e gasses in the

atmospheze, and attack from various space environmental factors. In

all cases, some type of transparent prorectlve layer must be provided

because the metals aluminum and silver are susceptible to either

physical abrasion or chemical degradation. Fortunately, some of the

dSelectric layers used in interference coatings provide adequate L

prot_tlon. This portion of the program will _nvolve at least the

following steps:

a. Specification of suitable protective

coatings for each type of reflective

coating

b. Development of speeiallzed test ....

equipment for measurement of coating

adherence "

c. Measurement of the adherence of _'_

various types of coatings

d. Measurement of costing abrasion

resistance

e. Measurement of coating chemical _,

inertness +

f Estimation of the effects of space

• environmental conditions o

g. Specification o_ ground handling and

surface protection procedures

61-824 Rev. A 16
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i

I

i h. Specification of cleaning procedures

and development of specialized

i cleaning equipment.

i 2.3.4 Mechaui_ of Coatln_ Depo_iLiuLlTWO genera], types of problems are involved in the

application of c0atzr_s to electroformed mlrror_:

-! a. Order in which coatings are deposited

b'. Uniform coverage over large areas.
m

H _ny advantages may accz,.e from predeposition of all coatings on the
E

_ master prior to electroforming. If this can be done successfully, a

_ finishe_ mirror will result upon parting (except for removal of the

|
parting layer, which is a simple chemical operation). The feasibility

%.

_ of tb_ technique has been proven by small scale stuaie_ accomplished '.

at other laboratories. Its usefulness for large area concentrators
|

has yet to be demonstrated. One of the _in obstacles to its

I successful application is that of providing uniform, coating thicknesses

over large convex surfaces. This por"_on of 'the program will _onsider

I analytically the probl_ns involved in assuring uniform coverage. On
small scale surface samples, the feasibility of predepocition of

I coatings for electroformed mirrors will be demonstrated.

i 2.3.5 Demonstration of Selected Coatings - Small

i Mirrors
The most favorable coatings obtained as a result

i of the four previous program steps will be demonstrated by applicationto small mirrors developed in other parts of this program (described
L

_ in Sec. 2,1 and 2.2 of this proposal).

_ 2.3.6 Demonstration of Selected Coatings - La_.

i MirrorsThe one or two best coatings will be applied to

e large mirrors developed in other sectlons of this program, _f

saitable coating facilities are available.

61-824 Rev. A 17
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2.3.7 Faci]Ities Considerat_ _ _

Ap_,llcatJon of advanced surface coatings to large

solar concentrators will require special facilities _nd coating

machines. The last step in the coating studies will be to prepare a

list of speclfications for the coating equipment required to _?ply

the types of coatings selected as most promising. A list of potentially

suitable coating facil_les _n the United States will be drawn up and

presented, if any such facilities are found to exist.

£

.J
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3. STA_NT OF WOFX

i The contractor will conduct on a _est e_fort basis, an
extension to Coatract NAS 7 10, which is a research and development

I program aimed at i_roving the state of the art of lightweight solar
concentrators. The program extension will be acco_] ished in a-

I period of lO-months and will include, but not be limited to, thefollo_i_8 specific items of work:
t_

I 3.1 Bac.__ktngSt rncture Studiesa. Evaluation of thin shell structures in order

to provide a basis for determining optimum

I size of large mlrrors.

b. _II scale experi_ntel studies_ of support

J structures including fabrication of at least

:. __ five representative mirrors approximately 17

inches in diameter. These studies shall include:
(t) Backing master considerations

• I (ii) Support stz.cture attachment methods(iii) Physical ev8luation of vartoos

backing structure concepts'_ " (iv) Effects of tensile or coarpre_ve

._. _ plating _tr_ses on characteristics .

• _ 0f backing atructure.
c. Fabrication of at least two 5-foot diameter

- _ mirrors which d_monstrate the most promi0ing
"_' techniqueS. At least _wc additional 5-foot _

ii_/ _ mirrors w{ll b. fabricatod and destructivelytested to determin_ ulti_e strength

i_= ' 61-826 Rev. A '_ _ _,

,,'_ ,v':',,_,__o_.;_.._.__.[-.,.,.._.:./. - .. ,-.,.... . ." _. .'._-, ,o., . "- ' -. _-;'_.'_', , " "' ":_
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d. Fabrication of special tools and _ixture_

required for development of _dvanced struc=ures,

including:

(1) Rota1:or

,.,._ ?,a,-LdI i.ctg .....L .L_.L _.SL C

(ill) Specially shaped anodes and masks -,.

(IV) Special mandrels and master extensions.

e. Optical and structural-testing _f &mall and large

mirrors. Vibration testing will be accomplished

at JPL .using JPL-supplled t_stin 8 machines and

= mounting fixtures. EOS pezsonnel will be responsible _.

for test planning and will assist substantially in
2

conducting _est.s,

3.2 Advancea Studies of Nickel.__Copper, and Chromium Platip_ _

a. Small scale studies regarding:

(1) 'Improvement of physical properties :_

of nickel and copper mirrors

(ii) Reauctlon and control of platin 6

stress in nickel and copper mirrors -,, :

: (ili) Development of techniques for monl- ._

toping additive concentrations in . i_

plating solutions -,_ _,

= (iv) Prot_ctive chromium overcoatinas for _, ._

nickel and copper mirrors. ;_
An obJecti_e of this work is to increase the

knowledge of copper plating techniques to a ._

: level app_achlng that of nickel. _'"-_-..•_ "

-- .-: b. Physical testing of placed samples. Special

_eeting devices will be cone_.,wcted to measure -:.

,. tmpor¢ant physical pr_perties.

" c. Fabricatlon of structurai components. _

: 61-824_v. A 20 _ _ '_ - '
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I d. Fabrication of at least one 5-foot diameter

,, mirror _hich demcnstrates the most promising

techniques. At !e,_et one additional 5-foot

diameter mirror, or major component thereof,
_i_

_ will be febricaced for destructlve testing.
g

e. Opti_al and structural testing of ema]! and

I _ large milrors (see Sac. 3.1 e)•
_. 3.3 Advanced Coating Studies

"_ _ a. Small scale studies
|

(i) Study of problems related to substrate

m and roster characteristics

I (11) Surface coati-_'_s for high reflectlvity

:" m (ill) Costing durability considerations

I including development of devices for

measuring coa_Ing adherence and for

i I _ mirror cleaning-= (iv) Me:hanlcs of coating deposition.

i I b. Demonstration of selected coatings on small

!_i mirrors _abricated in other phases of the

_ program.

c.. Demon_tratlon of selected coatings on large

._ I mirrors fabri =Led in other phases of the

| program.

_. d. Recommeudatlons concerning facilities for

coating large concentrators. _

3 4 Repr ts

a. Monthly Letter Reports, briefly describing the

status of technical progress on tht program

I (deliverable 15 days after the completion o-fJ

" _' each monthly zeportin s .period, except for the

:i:x -:_ . fifth monthly reporting perlod).

_t J "-
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b. Interim Summary Report, descrlbJng in detail all

technical progres_ on the program during the

first five monLhs (deliverable 15 days after the

completion of the fifth month, and in lleu of
+_

the fifth Monthly Letter Report).

c. Final Technical Report, describing in detail all ,++

technical results of the program (deliverable

30 days after completion of technical work on

the progra,.n. Technical work on the program will

ba completed I0 months after contract initiation.)

3.5 Other Deliverable Item:

<}

a. Mirrors fabricated to demons£r+_te -_t_uctural or + <

materials developments will be deliverable upon "+

completion of fabrication and testing, hut
J

specifically on or before completion of technical +_

work on the program (1O months fcom contract ++

inltiatlon) . The following items are deliverable: :':

(1) Five small mirrors (approxlmstely 17

inches in diameter) which demonstrate ::

advanced structural concepts _". +b

.9

(ii) Two 5-foot mirrors which demonstrate ,_

advanced str_+ct,Jral techniques _:_

(ill) One 5-foot mirror which demonstrates +

advanced copper plating techniques.

,++. ,,

--,_. ++l

S t

r + !.
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5. PROJECT ORGANI _ATION

I _"_e _in F.vject re_pon_ib_ility _.ill b_. i, Lh,= Eli_h_Li,g
Development Department (L. Springer, Manager; M. Pichel_ Associate

I Manager) of (he Advanced Power Systems Division (J. Neustein, Manager).Project Supervisor wi].l be Marlowe Pichel. Most aspects of the program

will be performed within the laboratories of the Engineering Development

Department, with technical assis£ance from other members of the Advanced

_ Power Systems Division.

i
i
I

©

I
I

L

,2]:
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[ JOSEPH NEUSTE IN

= [ Dr, Neustein is Manager of the Advanced Powe_ Systems Division
[ of Electro-Optical Systems, Inc,

Prior to this position Dr. Neustein was with the AeronutronicDivision of the Ford Motor Company where he was Manager of Engine

Research in the Space Technology Operation. His work there, whlcl,

concerned rocket research, resulted in several classified technical

[ publications. He was co-deslgner of a two-stage high altitude chaff-

L dispensing rocket system. For three years Dr. Neustein was affiliated

in supervisory capacities with the US Naval Ordnance Test Station in
r Fasadena, at first as section head of the Thrust Producing Mechanisms

i [ Section, then as head of the Turbomachinezy Branch wheze he partici-

pated in program planning of technical work for the Underwater Ord-

nance Department, and finally as head of the Hydrodynamics Research_ Branch where he guided a staff of about twenty engineers, mathe-
matiJians, and supporting personnel.

Between 1943 and 1951 Dr. Neustein was with the National Ad-visory Committee for Aeronautics, Lewis Flight Propulsion Laboratory,

j in Cleveland. As an aeronautical research scientist he was re-

[ sponsible for programs in Jet engine component research.
L

Dr. Neustein obtained his B._. in Mechanical Engineering in

_ 1943 from the University of Pittsburgh. Graduate studies included

t work at Case Institute of Technology, West_cn R_serve University,
and California Institute of Technology. His Ph.D. in Mechanical

Engineering w_s awarded by Caltech in 1957 for "Experiments at Low

"_ E Reynolds Numbers with Airfoils and with Axial Flow Turbomachinery."
L He is a member of the Institute of the Aerospace Sciences and the

American Rocket Society. He was elected to the following honorary

r societies: sigma xi, Pi Tau Sigma, Sigma Tau and Phi Eta Sigma.
L
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LEE M. SPRINGER

Mr. Springer is a design specialist and project supervisor of the

solar collector models program.

For over six years prior to his joining Electro-Optical Systems,

Mr. Springer was head ot the Design Group of the Engineering Center

of the University of Southern California, where he was involved in

subsonic, super,_onic, and low density wind tunnel design and fabrica-

tion, materials testing, cryogenics, cryopumping, and th._ design and

buildin_ of general research facilities. He has taught day and night

classes in the Engineering School, starting with an Engineering and
S.-ience Management Defense Training course in Tool and Die Design

which he originated in 1943.

He has been responsible for numerous projects to design and

vuild a wide variety of equipment such as road building machlnery,

automatic high speed fabrication and assembly dies, oil drillir.g rig

elevators, lightweight high horsepower gear boxes for a production

military aircraft self-powered multidecked aircraft service stand,

aircraft landing gear components, lutomatic multiple spindle drilling

machine, large hydraulic presses, small hydraulic cylinders for air-

craft use, he" _ exchangers of severa] types, automatic welding and

furnace brazing tooling, many jigs, fixtures and dies for various

production runs, small special tools for orthodontic use, instrtuments

for electronic industry, automatic orthopedic symptometer, dies for
plastics, toys and metal novelties.

Mr. Springer graduated from Los Angeles City College in 1936

with a major in aeronautical engineering. L_• t_len attended Call-

fornia Institute of Technology majoring in mechanical engineering.

From time to time he has taken courses at the Universit7 of Southern

California and the University of California at Los Angeles.

Mr. Springer is a member of ASTM and ASTME and is a registered

Professional Mechanical Engineer in the State of California.
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i MARLOWE A. 91C]_]

Mr. Pichel is manager of the Space Structures Laboratories of

the Advanced Power Systrms Division, which is ,:ngaged in the de-

of advanced and fabrication techniques for extremely
velopment d_sign

light-.weight solar energy concentrators for space applications.

I Mr. Pichel majored in mechanical engineering and industrialdesiRn at Muir College in Pasadena. From 1950 to 1952 at .Tet

Propulsion L_boratorles he was engaged in small-scale rocket tests

which included ignition lag and thermal decomposition studies. In 1952W

: | he and four others formed the new Propellants Research Group of

i = Olln-Mathleson Chemical Corporation in NiaBara Falls, New Yo_k,

where he became project engineer of a monopropeLlant system devei_p-

""F ment prbgram and a_thored a number of papers on system design. H_
L is a member of the Americall Rocket Society and the American Ordnance

_ Association.

,[ In 1954, Mr. Pichel returned to California to become president
and general manager of Consolida=ed Research and Development

Corporation, a small manufacturing company engaged in the development,

production and marketing of various items of a co_merclal nature. In
._ 1958, Consolidated was purchased by Wham°O Manufacturing Company

of San Gabriel and operated as a separate division. Mr. _ichel

assumed management of that division during its integration with theparent company. Subsequently, b_ was responsible for the organization

and operation of subsidiary companies, initially in Chicago and later

_., in Frankfurt, Nest Germany, which produced and marketed many of

[ the parent company's products.

E
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DONALD H. McCLELLAND

Mr. McClelland is Manager of the Energy Conversion and _egulation

Department in the Advanced Power Systems Division. He is re_ponslble

for research programs in the areas of fluid mechanics, heat transfer,

spectral selectivity, the optical and structural aspects of solar

energy concentrating systems, and the developmenc of li_htweiRht opti-

cal components and photovoltaic power generators.

For approx _ately two years prior to coming to Electro-Optical

Systems, Inc., • was on the staff of the Controls and Auxi!iaries

Section of the ,eronauticai Systems Department at Space Technology

Laboratories, orking on the ara!ysis of rocket propulsion and control

systems, mie_ le auxiliary power supplles, and flight test analysis,

]igbtweight _lar collectors, and space power systems.

Mr. McClelland received hi_ A.B. in Physics from the University

of Kansas in 1954, and his Master's Degree i'.lAeronautical Engineer-

ing from Cornel! in 1956. He was a Suuanerfleld Scholar at the Uni-

versity of Kansas and a John McMullen Gradr,ate Scholar at Cornell.

He was e]ected to membership in Phi Beta Kappa, Sigma Pi Sigma, Delta

Phi Alpha, and the Institute of Aeronautical Sciences, the American

Rocket Society, the British Interplanetary Society, and the American
Association for the Advancement of Science°
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DONALD E. SIEWART

Mr. Stewart joined Electro-Op_ical Systems. Inc. in August 1961

as electrochemical interested in conversion and
an engineer energy

regulation systems. He is currently engaged in the development of
optical replicas and solar collectors.

I
I, from the Callforn_a Institute of Technology in 1952, his Master of

Science in Chemical Engineering from the same school in 1953, and

' | his Master cf Business Admlnistraticn from Stanford Graduate School
I of Business in 1958. He was elected to Sigma Xi, received the General

Fetroleum Fellowshlp_ 1952-53, and the Frank Diamond Scholarship in

195 -5
_ At S andard Oil Co. of California he did preliminary pressure

_ vessel and heat exchanger design on the isophthalic acid plant. In _he .:

i_ I" Army Cbemical Corps he served with the Inspection Department of the
|. Materiel Command as a chemical engineer. At Industrial Hard Chrome

Plating Corporation he served as technical director in charge of

i_ electroforming, research and development, and the Kanlgen electroless

|_ nickel operation. _=ties encompassed the appiicatio- of electrochemical
IJ

and engineering design to a wide range of missile, atomic, computer

and optical problems.

" HIs publications include, "Volumetric Properties of n-Hexane."
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